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ABSTRACT 
The first occurrence of noise in an axial flow pump is correlated with 
the visually observed inception of cavitation for a range of tip clearances 
and flow rates. The magnitude o£the sound level in the machine is deter-
mined as a function of the cavitation humber for several tip clearances. 
However, the peak sound level does not depend much on tip clearances, and 
is about 35 db. above the ambient level. 
!NT ROD UC TION 
This report is a continuation of Part I* in which it was shown that tip 
clearance flows are responsil:>le for incipient cavitation in unshrouded axial 
flow pumps. In this part attention is cente. red on noise measurements of 
incipient cavitation, and on the magnitude of the noise that occurs. 
EXPERIMENTAL WORK 
A . Determination of Incipient Cavitation in an Axial Flow Pump by 
Sound Measurements 
Objectives: In Part I, measurements of the cavitation number for in-
ception were made visually. However, it is possible that the minute bubbles 
characteristic of the first cavitation cannot be seen. This possibility and 
hence the reliability of the visual observations should be investigated by 
acoustic measurements. 
Test Setup: The pump facility as described in Part I of this report 
was used for these experiments. 
The case of the axial flow pump was outfitted with holes suitable for 
the installation of a hydrophone or sound pickup. These holes were located 
before, midway through and after the rotor blade row. A hydrophone, when 
*"Tip Clearance Flows and Incipient Cavitation", D. Rains, Hydrn-
dynamics Laboratory, California Institute of Technology, Report E -56. 1. 
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fitted into one of these 3/4-in. holes communicates with the flow through a 
3/16-in. hole filled with vaseline. The vaseline provides a good acoustic 
path and prevents air from being trapped in the recess. 
To avoid any difficulty of comparing the noise of one blade to another 
of different tip clearances, the tip clearance of all rotor blades was made 
the same. Figure 1 shows the sound pickup in place, together with auxil-
iary electronic equipment standing by. The signal from the pickup is 
amplified, filtered, and then observed on an oscilloscope . The oscillo-
scope sweep was synchronized with the rotation of the machine so that the 
complete rotor blade row can be studied in detail. The filters permit the 
sorting out of undesirable signals, and the making of spectrum measure-
ments. For instance, machinery noise is gene r ally concentrated in the 
range from 0 to 10 kilocycles, and thus it may easily be eliminated . 
Cavitation noise is primarily in a higher frequency range. 
Procedure. The procedure for this set of experiments was similar 
to that for the visual observations except for the method of detection . For 
this work the sound pickup was located directly in front of the rotor blade 
row. 
The incipient point was defined as the cavitation number ~t which 
noise peaks appeared on approximately 75o/o of the blades in the row. It 
is difficult to get a fine measure of "incipient" in a machine because of 
the sporadic nature of the cavitation due to small differences in the blades 
and the unsteady flow that each blade experiences. 
Results. Figure 2 shows the incipient data taken by sound measure-
ments on the same curve with the data from the visual observi-tions. 
B. Determination of the Noise Level in the Axial Flow Pump for 
Various Tip Clearances 
Objectives . In o r der to compare the axi2.. l flow pump as a source 
of noise with other sources, noise level measurements should be made in 
a typical pump. 
Test Setup . The test setup was the same as for the incipient runs 
except that a n attenuator was added to the electrical circuit. A regular 
db-meter could not be used for it was desired to get the peak value of the 
noise from the m o v ing sound sources, not just an average noise level. 
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Procedure. The attenuator was used for comparative measurements 
of sound intensity in the following way. The background noise was set by 
the oscilloscope gain to a given height on the screen cross hairs with the 
attenuator set at zero. Subsequently, during cavitation with the oscilloscope 
gain held constant, the noise peaks were matched to the reference cross 
lines with the attenuator. The attenuator is calibrated in decibels (db) so 
that the noise measurements are therefore read directly on it. 
Results. The noise magnitude data is shown as a function of cavita-
tion number on Fig. 3. 
DISCUSSION AND CONCLUSIONS 
In view of the intermittent nature of the cavitation in the machine and 
the resulting difficulty of comparing various methods of detection, the in-
cipient cavitation data shown in Fig. 1 indicates good agreement between 
the acoustic and visual detection methods. 
As shown by Fig. 3, noise was detected well before what has been 
called the incipient point. This noise was caused by the infrequent cavita-
tion of only a few blades and so was not counted as being representative of 
the incipient point. Figure 3 also shows that the peak noise level is approxi-
mately independent of tip clearance, which is an interesting result inasmuch 
as the cavitation appearance varies a great deal in these cases. The maxi-
mum noise level observed was of the order of 35 - 40 db above the ambient 
level. These values are small compared to results on half bodies 1 bpt 
are comparable to measurements on a two-stage research pumpjet. 2 The 
slope of the noise level vs. cavitation number curve (Fig. 3) is small com-
pared to values obtained in experiments on smooth bodies (see for exqmple 
Fig. 4, Ref. 1) . The reasons for this behavior are not as yet clear. 
As the knowledge of tip clearance flow increases, ideas for the 
elimination of tip vortex cavitation on its modification to make it less of 
a sound source are being proposed. These schemes are being investigated 
in the hope that an improvement in axial flow pump performance will result. 
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static pressure on the case of the pump directly before the 
rotor blades. 
vapor pressure of the liquid at its measured temperature. 
density of the pumped liquid. 
mean velocity relative to the rotor blade tip. 
flow rate coefficient = 
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axial velocity 
tip speed 
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00 v 
cavitation number 
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00 
maximum thickness of the blade tip section . 
tip clearance. 
angle of attack. 
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Fig. 1 - Sound measurement equipment. 
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Fig. 2 - Incipient cavitation in an axial flow pump vs. tip clearance 
for various flow rates. 
8 8HPH!U!IH'fil' Is 
_
.
 
lL
J >
 
lL
J 
_
.
 
lL
J 
CJ
) 
0 z I ~ 
60
 -
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
.
 
50
 ~
-
-
-
-
~
-
-
-
-
~
~
-
-
-
-
~
-
-
-
-
_
,
 _
_
_
_
_
_
 ,
_
 
_
_
_
_
 ~
 
0 
). 
.
.
.
 04
0 
~
 
). 
=
 
.
09
2 
<>
 
). 
•
 
.
21
 I
 
40
1 
I 
I
~
 
I 
I 
I 
0 
). 
=
 
.
32
2 
30
 I
 
I 
11
 
1
/ 
~
 
~
 
I 
I 
I 
I 
I 
I 
20
 I
 
I 
-
I 
I 
~
 ~
 
I 
"
"
=
 
I 
I 
I 
I 
I 0
 I
 
I 
0
0
 
FR
EQ
UE
NC
Y 
RA
NG
E 
10
 -
10
0 
KI
LO
CY
CL
ES
 
.
5 
1.
0 
1.5
 
CA
VI
TA
TI
ON
 
NU
M
BE
R 
K 
=
 
P'
f-;
;' 
1P
 
GO
 
2.
0 
F
ig
. 
3 
-
N
o
is
e 
le
ve
l 
v
s
. 
c
a
v
it
at
io
n 
n
u
m
be
rs
 a
t 
de
si
gn
 f
lo
w
 r
a
te
 f
or
 v
a
ri
ou
s 
ti
p 
c
le
ar
an
ce
s.
 
I "
' I 
.
.
.
.
 
, 
Copy No. 
1 
2 
3-4 
5-7 
8-12 
13-15 
16 
17-18 
19-20 
21-22 
23-25 
26 
27 
2.8 
29 
Department of the Navy 
Bureau of Ordnance 
Contract NOrd 9612 
DISTRIBUTION LIST 
w 'i Jf:l?l8 J!!HTPl t 1:. 
Chief, Bureau of Ordnance, Navy Dept., Washington 25, D. C. 
Attn: Code Re6a 
Chief, Bureau of Ordnance, Navy Dept., Washington 25, D. C. 
Attn: Code Re 3d 
Chief, Bureau of Ordnance, Navy Dept. , Washington 25, D. C. 
Attn: Code Ad3 
Chief, Bureau of Aeronautics, Navy Dept., Washington 25, D. C. 
Attn: Code De3 
Chief, Bureau of Ships, Navy Dept., Washington 25, D. C. 
Chief, Office of Naval Research, Navy Dept., Washington 25, 
D. C. Attn: Code 438 
Director, Office of Naval Research Branch Office, 1030 East 
Green Street, Pasadena l, California 
Director, David Taylor Model Basin, Washington 7, D. C. 
Commanding Officer, U. S. Naval Underwater Ordnance 
Station, Newport, R. I. 
Commander, Naval Ordnance Laboratory, White Oak, Silver 
Spring 19, Maryland 
Officer-in-Charge, Pasadena Annex Naval Ordnance Test 
Station, 3202 East Foothill Blvd., Pasadena, California, 
Attn: Pasadena AnneJ{ Library, Code P5507 
Director, Experimental Towing Tank, Stevens Institute of 
Technology, via: Bureau of Aeronautics Representative, 
c/o Bendix Aviation Corp., Eclipse-Pioneer Division, 
Teterboro, New Jersey. 
Director, Ordnance Research Laboratory, Pennsylvania State 
College, State College, Pennsylvania 
Alden Hydraulic Laboratory, Worcester Polytechnic Institute, 
Worcester, Mass., via: Inspector of Naval Material, 
495 Summer Street, Boston 10, Mass. 
Inspector of Naval Material, Development Contract Section, 
1206 So. Santee Street, Los Angeles 15, California. 
i . ill if·H:n~,n· .r ~ k 
Copy No. 
30-31 
32-33 
34-43 
44 
45 
46 
47 
Contract NOrd 9612 
D i s t r i b u t i o n L i s t (Con t 'd} 
Librarian, U. S. Naval Postgraduate School, Monterey, Calif. 
Director, U.S. Naval Electronics Laboratory, Point Lorna, 
San Diego, California 
British Joint Services Mission, Navy Stafi, via: Chief, 
Bureau of Ordnance, Navy Dept., Washington 25, D. C., 
Attn: Code Ad8 
Executive Secretary, Research and Development Board, 
National Defense Building, Washington, D. C. 
Phillip Eis-enberg, Office of Naval Research, Mechanics 
Branch, Washington 25, D. C. 
Commander, Submarine Development Group TWO, Box 70, 
U. S. Naval Submarine Base, New London, Conn. 
Dr. F. C. Lindvall, 200 Throop, California Institute of 
Technology, Pasadena, Calif. 
., 
